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OIL AND CHEMICAL PLANT LAYOUT AND SPACING 


INTRODUCTION 

Loss experience clearly shows that fires or explosions ¡n congested areas of oil and Chemical plants 
can result in extensive losses. Wherever explosión or fire hazards exist, proper plant layout and 
adequate spaclng between hazards are essential to loss prevention and control. Layout relates to the 
relatlve posltlon of equlpment or units withln a glven site. Spaclng pertalns to mínimum dlstances 
between units or equlpment. 

GE Global Asset Protectlon Services (GE GAP Services) layout and spaclng recommendatlons are 
for property loss prevention purposes only and are ¡ntended for existlng and new oil and Chemical 
facilities. These guldellnes are ¡ntended to limit explosión overpressure and tire exposure damage. 
They do not address shrapnel damage. If these guldellnes cannot be followed, then addltlonal loss 
control measures, such as tire prooflng, waterspray or blast hardenlng will be necessary. 

GE GAP Services guldellnes only address spaclng and layout withln a plant and are mostly 
appllcable to open structures. An open air deslgn favors vapor dlsslpatlon, provides adequate 
ventllatlon, reduces the slze of the electrlcally classlfled area, and ¡ncreases firefighting accesslblllty. 
Addltlonal Information can be found ¡n several publlcatlons. 1 


POSITION 

Management Programs 

Management program admlnlstrators should report to top management through the mínimum number 
of steps. They should also institute loss prevention ¡nspectlon and audlt programs to communlcate 
program effectlveness to top management. Thls management feedback ¡s a key feature of 
GAP. 1.0.1 (OVERVIEW). 2 In developlng a program, pay particular attentlon to the following ¡mportant 
areas: 

Hazard Identification and Evaluation Program 

Determine the plant layout and spaclng necessary to limit loss slze based on worst case scenarios for 
vapor cloud, vessel and bulldlng explosions, and for tires. Calcúlate overpressure clrcles. See 
GAP. 8. 0.1 .1 for hazard analysls and evaluation methods appllcable to various explosión or fire 
scenarios. This analysls can be completed ¡n coordinaron with GE GAP Services loss prevention 
personnel. 


85 Woodland Street, Hartford, Connecticut 06102-5010 


Copyright® 2001, GE Global Asset Protection Services 


GE Global Asset Protection Services and its affiliated organizations provide loss prevention surveys and other risk management, business continuity and facility asset 
management Services. Unless otherwise stated in writing, our personnel, publications, Services, and surveys do not address Ufe safety or third party liability issues. The 
provisión ofany Service is not meant to imply that every possible hazard has been identified at a facility or that no other hazards exist. GE Global Asset Protection Services 
and its affüiated organizations do not assume, and shall have no liability for the control, correction, continuation or modification ofany existing conditions or operations. We 
specifically disclaim any warranty or representation that compliance with any advice or recommendation in any document or other communication will make a facility or 
operation safe or healthful, or put it in compliance with any law, rule or regulation. If the re are any questions conceming any recommendatlons, or ifyou have altemative 
Solutions, please contact us. 



GAP.2.5.2 
September 3, 2001 


Management of Change 

Conduct a Hazard Identification and Evaluation program for all new processes or for any modification 
to an existing process prior to completing final site selection and equipment layout. Determine the 
need for changes to spacing or layout. 

Duplication of Facilities 

For large-scale Chemical and petrochemical plants, provide múltiple process trains. In large scale 
plants, duplícate, with ¡nstalled spares, equipment that is highly susceptible to loss or important for 
continued operations. For smaller scale or batch type plants, ¡nstall processes important to production 
in the form of múltiple small-scale units rather than a single large unit. 

Physically sepárate duplicated units, process trains or equipment with adequate spacing in 
accordance with this section or compartmentalize with blast resistant construction. 

General 

Consider the following when determining the layout and the separation required: 

• High hazard operations (see Appendix A) 

• Grouped operations 

• Critical operations 

• Number of personnel at risk 

• Concentration of property and business ¡nterruption valúes 

• Equipment replacement and installation time 

• Interdependency of facilities 

• Critical customer or supplier relationships 

• Market share concerns 

• Fire and explosión exposures 

• Corrosive or incompatible materials exposures 

• Vapor cloud explosions 

• Sources of ignition 

• Maintenance and emergency accessibility 

• Drainage and grade sloping 

• Prevailing wind conditions 

• Natural hazards and climate 

• Future expansions 

• External exposures 

Review the various hazards and loss potentials to establish the degree of separation required 
between units and equipment. Consult Tables 1 , 2 and 3 ¡n this guide for mínimum spacing guidelines 
based on fire and vessel explosión hazards. Increase spacing where appropriate. 
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1 ft = 0.305 m 
/ = no spacing requirements 
* = spacing given in Table 3 

Examples: 

© 50 ft separation between two cooling towers 

© 300 ft separation between Service building and fiare 

TABLE 1 . Inter-Unit Spacing Recommendations For Oil And Chemical Plants. 
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1 ft = 0.305 m 

/ = no spacing requirements 

TABLE 2. Intra-Unit Spacing Recommendations For Oil And Chemical Plants. 
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D = Largest Tank Diameter 
1 barrel = 42 gallons = 159 L 
°C = (°F-32)x 0.555 
1 ft = 0.305 m 


*For Class II, III products, 5 ft spacing is acceptable. 
**Or Class II or III operating at temperaturas > 200 °F. 


TABLE 3. Storage Tank Spacing Recommendations For 0¡l And Chemical Plants. 


Where large amounts of flammable vapors could be released and a vapor cloud explosión could 
occur, perform a more detailed hazard analysis and evaluation per GAP. 8. 0.1.1. Calcúlate the vapor 
cloud explosión overpressure clrcles. Where appllcable, base the mínimum spacing requlred between 
unlts upon the followlng criteria: 

• Do not lócate crltlcal equlpment of adjacent unlts wlthln the 3 psi (0.21 bar) overpressure clrcle. 

• Deslgn equlpment or structures of adjacent unlts wlthln the 1 psi (0.07 bar) overpressure clrcle to 
wlthstand the calculated vapor cloud overpressure. 

If the mínimum spacing requlrements based on a vapor cloud explosión dlffer from the mínimum 
spacing requlred by the spacing tables, use the greater of the two. 
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Overall Plant Layout 

Initially, base site selection on exposure from uncontrollable factors, such as floods, earthquakes, 
tidal waves, subsidence, hurricanes, and adjacent oil and Chemical plants. 

Once a site has been selected, arrange layout and spacing to reduce the effect of some of the 
following controllable and uncontrollable factors that contrlbute to losses: 

• Uncontrollable factors ¡nclude site slope, cllmate, exposure to natural hazards, wlnd dlrection and 
torce. However, locating ¡gnltlon sources upwlnd of potential vapor leaks or locatlng the tankfarm 
downhlll of essentlal unlts may reduce the loss potential from an explosión or fire. Figure 1 
¡llustrates a good layout based on the prevalllng wlnd. 

• Controllable factors ¡nclude process design parameters, maintenance, spare parts supply, control 
logic and automation, fire protection design, spare production capacity, flammable liquid holdups, 
splll control and the type of process. Use proper drainage and separation to control spills and fire 
spread. Refer to GAP. 2. 5. 3 and GAP. 8. 0.1 .2. 
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Figure 1. Good Layout Example. 

Reprinted by permission of NOVACOR Chemical Ltd. 
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Use a hazard assessment of each plant operation to help establish the layout or orientation of blocks 
or unit battery limits within the plant. Review the possible loss events and the consequences for each 
proposal. Select a layout whlch wlll mlnlmlze the overall property damage and related buslness 
¡nterruptlon should an ¡ncldent occur. 

Subdlvlde the overall site ¡nto general areas dedlcated to process units, Utilities, Services and offices. 
Slnce each area or unit block generally has a rectangular shape, keep the máximum unit slze to 
300 ft x 600 ft (92 m x 183 m) for firefighting purposes. 

Provlde access roadways between blocks to allow each sectlon of the plant to be accesslble from at 
least two dlrectlons. 

• Avold dead end roads. 

• Slze road wldths and clearances to handle large movlng equlpment and emergency vehlcles or to 
a mínimum of 28 ft (8.5 m), whlchever ¡s greater. 

• Malntaln sufficient overhead and lateral clearances for trucks and cranes to avold hlttlng piping 
racks, pipe ways, tanks or hydrants. 

• Do not expose roads to fire from dralnage dltches and plpeways. 

• Sllghtly elevate roads ¡n areas subject to local floodlng. 

• Lócate hydrants and monltors along roads to allow easy hook-up of firefighting trucks. 

• Provlde at least two entrances to the plant for emergency vehlcles to prevent the posslblllty of 
vehlcles belng blocked durlng an ¡ncldent, e.g., open brldge, rallway. 

• Plan and ¡mplement a “Roadway Closure” permlt system authorlzed and controlled by site 
Emergency Response personnel as part of the site ¡mpalrment handllng system. 

Provlde spaclng between units based upon the greater of elther Table 1 or a hazard assessment. The 
space between battery limits of adjolnlng units should be kept clear and open. Do not consider the 
clear area between units as a future area for process expansión. 

Process Units 

Evalúate the process hazards and, dependlng on the results of such review, classlfy them ¡n hlgh, 
Intermedíate and modérate hazard groups as shown ¡n GAP.2.5.2.A. Consult the table ¡n thls sectlon 
to determine the spaclng requlred between the varlous blocks based upon the relatlve hazard of each 
process. 

Sepárate hazardous units from other hazardous units to avold fire spread. “Sepárate” or “buffer” hlgh 
hazard units by uslng modérate or even lower hazard units as a way to reduce such exposure, e.g., 
sepárate a DNT plant from a TDA plant by placlng a sulfurlc or nitric acld unit between them. 

Lócate equlpment or structures common to múltiple process units, such as large compressors and 
turblnes, central control rooms and fired heaters, so as to prevent a single event from ¡mpalrlng the 
overall operation and causlng extenslve buslness ¡nterruptlon. 

Lay out the equlpment within a unit in one of two general ways. 

• Use grouped layout, where similar equlpment ¡s grouped together to ease operation, malntenance 
and control. 
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• Use flow line layout, where equipment ¡s arranged ¡n a sequence similar to the process flow 
diagram. 

Wherever it does not conflict with loss control, conslder accessibility for malntenance and operatlons 
in determining spacing and layout. Lócate equipment needlng frequent overhaul, maintenance or 
cleanlng at unit boundarles. Lócate large vessels or equipment cióse to unit boundaries to allow easy 
access of cranes. 

Use Table 2 for mínimum spacing guidelines for spacing within process units. The recommended 
separations are the clear, horizontal distances between adjacent edges of equipment. 

Hazard Classification 

The following hazard classifications are for equipment and processes: 

• Reactors: 

Classify process reactors as modérate, intermedíate or high hazard. The relative hazard 
classification is detailed ¡n GAP.2.5.2.A. 

• High hazard pumps: 

o Handle flammable and combustible liquids, opérate at temperatures above 500 °F (260 q C) or 
above the product autoignition temperature. 

o Handle flammable and combustible liquids and opérate at pressures above 500 psi (34.5 bar), 
o Handle liquefied flammable gases. 

• Intermedíate hazard pumps: 

All other pumps handling flammable or combustible liquids. Canned and magnetic pumps have a 
lower fire hazard, and therefore, there are no specific spacing requirements. 

Intra-Unit Spacing 

For proper intra-unit layout, inelude the following principies: 

• Do not group pumps and compressors handling flammable producís ¡n one single area. Do not 
lócate them under piperacks, air cooled heat exchangers and vessels. Orient pump and driver 
axes perpendicular to piperacks or other equipment to minimize fire exposure in case of a pump 
seal failure. Sepárate high pressure charge pumps from any other major process equipment and 
other pumps by at least 25 ft (7.5 m). 

• Lócate compressors at least 1 00 ft (30 m) downwind from fired heaters and at least 30 ft (7.5 m) 
from any other exposing equipment. To avoid unnecessary exposure, do not lócate lube oil tanks 
and pumps directly under any compressor. 

• Detach heaters and furnaces from the unit or at least lócate them at one córner of the unit. Lócate 
continuous ignition sources upwind of the process units. 

• If increased spacing for very high hazard equipment susceptible to explosions, such as reactors, is 
not possible, sepárate them from other areas by blast resistant walls. 

• Keep flammable producís storage to a mínimum within the process unit boundaries. Install tanks, 
accumulators or similar vessels with flammable liquid holdups at grade, if possible. 
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The preferred layout of a process unit ¡s a piperack located ¡n the center of the unit with large vessels 
and reactors located outwards of the central piperack. Place pumps at the outer limits of the process 
area. Llmlt the stacklng of equlpment ¡n process structures to equlpment with no fire potentlal. Slope 
the ground surface so that llqulds draln away from the center of the unit. Do not put dralnage trenches 
under plperacks. Put cable trays ¡n the top tier of the plperacks. 

Utilities 

Lócate central Services, such as coollng towers, bollers, power statlons and electrlcal substatlons, 
away from hazardous areas so they wlll not be affected by a fire or explosión wlthln the plant ñor be a 
source of ¡gnltlon for any potentlal flammable llquld or gas release. Malntaln adequate separatlon 
between dlfferent utlllty Services because utlllty losses could then lead to unsafe condltlons ¡n other 
plant unlts, posslbly creatlng tires or exploslons. Increase the rellablllty of the Utilities by keeplng 
adequate spaclng between bollers or generators. 

Properly pressurlze ¡n accordance with NFPA 496 3 or sepárate electrlcal substatlons and motor 
control centers. Lócate substatlons away from hazardous areas to Increase the rellablllty of the power 
supplles should a loss occur. Bury electrlcal distribution cables to llmlt thelr exposure to exploslons, 
fires, storms and vehlcles, and to ease firefighting accesslblllty. 

Control Rooms 

Lócate and construct control rooms, motor control centers, and other essentlal facilities to allow 
operators to safely shut down unlts under emergency condltlons. Lócate the control bulldlng where ¡t 
wlll not be exposed by fires or exploslons. If separatlon ¡s not feaslble, deslgn the bulldlng to 
wlthstand potentlal explosión overpressure. Where control rooms are exposed to fires or blast 
overpressures, lócate the emergency loss control coordlnatlon center ¡n a safe area. 

Conslder unmanned satelllte Computer rooms, terminal rooms and i/o rack rooms equlvalent to motor 
control centers for the purpose of thls guideline. 

Services 

Keep warehouses, laboratorles, shops, fire brlgade statlons and offices away from process areas. 
Weldlng equlpment, cars and trucks as well as large numbers of people can become “uncontrollable 
¡gnltlon sources.” 

Loading and Unloading 

Space loading racks, plers and wharves well away from other areas due to large numbers of trucks, 
rail cars, barges or shlps carrylng large amounts of flammable or combustible llqulds. Reduce plant 
trafile to ease emergency vehlcle movement and llmlt accldent hazards by locatlng loading and 
off-loadlng operatlons at the plant perlmeter cióse to the entry gate. 

Lócate fiares accordlng to Table 1 or to API 521 , 4 whlchever ¡s greater. 

Tank Farms 

Consult Table 3 for general recommendatlons for spaclng aboveground storage tanks ¡n the olí and 
Chemical ¡ndustry. The spaclng ¡s glven as a dlstance from tank shell to tank shell and ¡s a functlon of 
the largest tank dlameter. If there are adverse condltlons, such as poor fire protectlon water supply, 
dlfflcult firefighting, poor accesslblllty, poor dlklng or poor dralnage, Increase the spaclng by at least 
50%. Treat crude olí as a flammable llquld. 
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See Table 1 for mínimum spacing between tank farms and other units. 

Do not group or dike dífferent types of tanks and contents together. 

Lócate storage tanks at a lower elevation than other occupancies to prevent liquids or gases from 
flowing toward equipment or buildings and exposing them. Lócate tanks downwind of other areas. 

Arrange atmospheric storage tanks and pressure vessels ¡n rows not more than two deep and 
adjacent to a road or accessway for adequate firefighting accessibility. 

Sínce piping ¡nvolved ¡n ground tires usually fails within 10 or 15 min of initial exposure, lócate an 
absolute mínimum amount of piping, valves and flanges within dikes. Install pumps, valve manifolds, 
and transfer piping outside dikes or impounding areas. 

Provide tanks with proper dikes or drainage to a remóte impounding facility. 

Where tanks over 500,000 bbl (80,000 m 3 ) are present, increase mínimum distances to 1000 ft 
(305 m) spacing between them. 

Space tanks so the thermal radiation intensity from an exposing tire is too low to ignite the contents of 
the adjacent tanks. Tolerances of tanks to thermal radiation can be increased by: 

• Painting vessels a reflective color (generally white or silver). 

• Providing a fixed water spray or tank shell cooling system. Refer to GAP. 1 2.2.1 .2 for additional 
guidance. 

• Insulating or fireproofing the tank shell. Guidance can be found in GAP. 2. 5.1 . 

Atmospheric Storage Tanks 

Classify internal floating roof tanks as floating roof tanks when pontoon internal floaters are provided. 
When plástic, aluminum or a Steel pan are used in the construction of the internal floater, classify the 
tank as a cone roof tank for spacing purposes. 

• Floating roof tanks: Store crude oil and flammable liquids (Class I) in floating roof or internal 
floating roof tanks. Arrange floating roof tanks in excess of 300,000 barréis (47,700 m 3 ) in a single 
row. If múltiple rows are necessary, space tanks farther than one diameter apart. 

• Cone roof tanks: Combustible liquids (Class II and III) may be stored in cone roof tanks with the 
following limitations or exceptions: 

o Cone roof tanks in excess of 300,000 barréis (47,700 m 3 ) present an unacceptable amount of 
potentially explosive vapor space, even if storing heavy oils. In such cases, use only floating 
roof tanks. 

o Do not store liquids with boil over characteristics in cone roof tanks larger than 1 50 ft (45.8 m) 
in diameter, unless an inerting system is provided. 

o Avoid storage of flammable liquids (Class I) in cone roof tanks. If cone roof tanks are used for 
flammable liquids storage, restrict the tank size to less than 150,000 barréis (23,850 m 3 ), 
provide an inert gas blanket, and increase the spacing. 

o Space cone roof tanks storing Class IIIB liquids, operating at ambient temperatures, as 
“floating and cone roof tanks smaller than 3000 barréis (480 m 3 ).” 
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o Increase separation of cone roof tanks ¡n excess of 1 0,000 barréis (1 590 m 3 ) containing 
combustible llqulds stored at a temperature higher than 200 °F (93 °C). 

Pressurized and Refrigerated Storage Tanks 

Spheres and spheroids: Provlde spaclng between groups of vessels of at least 100 ft (30 m) or the 
largest tank dlameter. Llmlt each tank group to a máximum of slx vessels. See Table 3 for the 
mínimum spaclng between vessels. 

Drums and bullets: Llmlt horizontal pressurized storage vessels to not more than slx vessels or 
300,000 gal (1136 m 3 ) comblned capaclty ¡n any one group. Provlde at least 100 ft (30 m) orthe 
largest tank dlameter between groups. Allgn vessels so that thelr ends are not polnted toward 
process areas or other storage areas, as these vessels tend to rocket ¡f they fail durlng a flre. Avold 
múltiple row conflguratlons. Do not lócate pressurized storage vessels above each other. See also 
GAP. 8. 2. 0.1 . 

Refrigerated dome roof tanks: Provlde spaclng between groups of vessels of at least 100 ft (30 m) 
or the largest tank dlameter. Llmlt each tank group to a máximum of slx vessels. Provlde greater 
spaclng ¡f exposed combustible ¡nsulatlon ¡s used on the tanks. 


DISCUSSION 

A good layout and sufficient spaclng between hazards, equlpment and unlts wlll have the followlng 
beneflts: 

• Less explosión damage. Overpressures created by an explosión decrease rapldly as the dlstance 
from the center of the explosión ¡ncreases. The mathematlcal relatlonshlp between overpressures 
and thelr dlstances from the explosión center ¡s glven ¡n GAP. 8. 0.1 .1 . 

• Less flre exposure. Radlatlon ¡ntenslty from a flre decreases as the square of the separation 
dlstance. 

• Higher dilution of gas clouds or plumes. Gas concentratlon decreases as the dlstance from the 
emlsslon source ¡ncreases. 

• Easler access to equlpment for malntenance, ¡nspectlon and firefighting purposes. 

• Easler splll and splll flre control ¡n open areas. 

• Lower concentratlon of valúes, resultlng ¡n a lower property damage loss estlmates should a glven 
¡ncldent occur. GE GAP Services typlcally establlshes a probable máximum loss (PML) and 
máximum foreseeable loss (MFL) estlmates based upon a vapor cloud explosión where such a 
hazard exlsts. An adequate spread of valúes and good spaclng between explosión hazard areas 
wlll lower the PML and MFL. 

Extenslve spaclng mlght Increase the initial ¡nvestment requlred to bulld a glven plant. More land wlll 
be requlred. More piping, cabllng, roads and larger dralnage systems wlll be requlred. Addltlonal or 
larger pumps or compressors mlght be requlred as friction loss ¡ncreases wlth the piping length and, 
therefore, operatlng costs Increase. However, the loss control beneflts outwelgh the addltlonal costs 
due to less disruption to productlon when the ¡ncldent occurs. 

Proper layout and separation dlstances should be deslgned Into a plant durlng the very early plannlng 
stages of the project. Thls wlll requlre prellmlnary Identification of hazards ¡nherent to the operatlons 
and of the natural hazards. A good layout may not automatlcally Increase the constructlon cost 
because proper separation between hazards can decrease the exposure protectlon requlred. For 
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example, a control room unexposed by a process unit would have no need to be explosión reslstant. 
Optlmum layout wlll achleve a balance among loss preventlon, constructlon, malntenance and 
operatlon requlrements. 

Computer-alded deslgn (CAD) generates three dimensional layouts whlch have proven effectlve for 
visualizing the proposed spatial arrangement of a unit or plant. Hlgh equlpment concentratlon and 
plant congestión are spotted easily by these Computer generated techniques. The use of CAD allows 
operators, maintenance and loss prevention personnel to easily comment and make appropriate 
recommendations. Scale models offer similar benefits. 

Vapor cloud calculations could indícate that an even greater separation between some units is 
needed because of higher than normal explosión damage potential and business interruption. 

Other hazard assessment methods can provide good loss potential evaluations and are described in 
various Center for Chemical Process Safety publications, 5 in the DOW Fire & Explosión Index, 6 or in 
API RP 752. 7 

Table 1 provides mínimum inter-unit spacing which should be increased where a hazard analysis 
shows that larger separation distances are required. Unfavorable conditions, such as inadequate 
sloping, poor drainage and critical operations, can increase the exposure between units, thus 
requiring higher separation distances. All distances between units are measured from battery limits. 
“Battery limits” as defined by GE GAP Services are imaginary lines surrounding a unit. This line is 
typically box shaped and endoses equipment required for the operation of the unit. Cooling towers, 
maintenance buildings or other structures not integral to the unit are considered to be independent 
and should not be included in the battery limits. This line crosses utility, Service, raw material and 
finished product piping. 

The processing units are generally the most hazardous operations in a plant. For operational 
purposes, the process units are generally grouped together and arranged in accordance with the 
general process flow. 

Often, fire protection spacing requirements will exceed maintenance accessibility requirements. The 
relative location of equipment depends on its probable release of flammable materials, its flammable 
liquid holdup, and its potential to be a source of ignition. A domino effect loss is possible within 
process units. 

NFPA 30 defines flammable liquids as Class I materials, and combustible liquids as Class II and III 
materials. The classification depends on the flash point of the product. In some very hot climates, 
Class II liquids could behave as flammable liquids because the storage temperature could exceed the 
flashpoint temperature. Unstable liquids or gases and monomer storage require special precautions 
and are not addressed in Table 3. 
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